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There are 33 invariant amino acid positions out of 132 positions in 42 ~nv~st~~ated sequences of ribonucfe- 
ases from a number of mammalian species and a reptile (snapping turtle, Chetydrcr serpentina). These inva- 
riant residues are nnequafly distributed over 3 different parts of the mofeculle, The bbe of the S-protein 
part of the mole&e, which lacks one disulfide bridge and has two shortened loops in turtle ribotruclease, 
has the lowest percentage of invariant residues, although the active-site residue His I19 is Iocated in this 
part. 
Pancre&ic tibonucleases form a group of 
homologous proteins present in considerable quan- 
tities in the pancreas of a number of mammalian 
taxa and a few reptiles [ 1,2], An extensive study on 
the molecular evolution of pancreatic ribo- 
n&eases included many mammalian species, but 
no reptiles [3f. Recently the amino acid sequence 
of snapping turtle (Cfaeiydra serpPntina) 
ribonuclease has been determined 141. This se- 
quence shows a number of structural variations 
not observed in the mammalian sequences deter- 
mined hitherto, In addition, there are differences 
in enzymic properties [4]. Nere the amino acid se- 
quence of turtle ribonuclease is discussed in rela- 
tion with likely similarities and dissimilarities of its 
nonformation with that of bovine ribon~~lease 
[5-71. 
The amino acid sequence of snapping turtle 
ribanuclease, with the residues numbered both 
continuously from the N- to C-terminus and ac- 
cording to the bovine ribonu~lease numbering, is 
given in fig.la. The polypeptide chain of turtle 
ribonuctease consists of 113 amino acid residues. 
Compared to most ribonu~leases, the N-terminal 
residue, 3 residues in the loop near residue 71 and 
2 residues in the loop near residue 114 are deleted, 
and there is one additional residue in the loop near 
residue 23. The half-cystines at positions 65 and 
72, which form a disulfide bond in mammalian 
ribonucleases, are not present in turtle 
ribonuckase. 
The results of the prediction of secondary- 
structural elements in the amino acid sequence of 
turtle ribonuclease are summarized in fig. 1 b. 
Secondary structural elements were predicted by 
the methods of Chou and Fasman IS] and Lim [91 
as described by Lens&a et al. [IO]. 
Fig.2 presents the amino acid sequences of all in- 
vestigated ribonu~i~~~* The symbols above the 
sequence in fig.la indicate: (i) 33 positions which 
are invariant in all investigated ribanucleases; (ii) 
12 positions which are invariant in a11 investigated 
mammalian ribonucleases, but different in turtle; 
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Fig. 1. (a) Amino acid sequence of snapping turtle ribonuclease. The residues are numbered continuously from the N- 
to C-terminus (below the sequence) and according to the bovine numbering (above the sequence). (e) Identical in all 
investigated ribonuclease; (x) identical in all investigated mammalian ribonucleases, different in turtle; (Q) identical in 
all investigated ribonucleases except one mammalian sequence; (0) positions with 2 different residues. AK other 
positions have at least 3 different residues. (b) Prediction of secondary structure in turtle ribonuclease according to 
Chou and Fasman fgf and Lim [9] as described by Lenstra et al. [lo]. Hatched, m-helix; open, &sheet; bfack, p-bend. 
Bend regions longer than 4 residues denote overlapping predicted bends. Vertical broken lines, deletions in the turtle 
ribonuclease sequence. 
(iii) 4 positions which are invariant in all in- 
vestigated ribonuclea~s except one mamm~i~ se- 
quence; (iv) 8 positions with only 2 different 
residues in all investigated ribonucleases. It should 
be noted that all positions with only 2 different 
residues underwent repeated parallel and back 
replacements during evolution f 171. 
3.1. Secondary struciure and invariant residues 
The presence of secondary-structural e ements in 
turtle ribonuclease and of invariant residues in 
ribonucleases in general will be discussed separate- 
ly for the S-peptide moiety, a rather separate part 
of the molecule, and for the 2 haives of the S- 
protein part which have the deep S-peptide-binding 
and active-site cleft in between [5-71. Fig.3 
presents a view of the main-chain conformation of 
bovine ribonuclease A in which these 3 parts of the 
molecule are clearly visible. 
Residues 3-13 form an a-helix in the structure 
of bovine ribonuclease. The method of Chou and 
Fasman predicts an m-helix at this position in turtle 
ribonuclease, but the method of Lim does not 
(f&lb). However, the latter method also fails to 
predict an m-helix at this position in several mam- 
malian ribonucleases [lo]. Komoriya and Chaiken 
[X8] have described the minimal information con- 
tent of bovine ribonuclease S-peptide required to 
farm a catalytically active complex with S-protein. 
Only Phe 8, His 12 and a hydrophobic residue at 
position 13 are absolutely essential while Glu 2, 
Lys 7 and Arg 10 and probably also Gin 11 and 
Asp 14 contribute to stability and activity. Leucine 
has been incorporated at position 9 in a synthetic 
S-peptide [ 191 and generated enzymic activity with 
S-protein. Recently, Leu-9 has been found in the 
ribonuclease from Spak.q a species belonging to 
339 
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Fig.2. The amino acid sequences of 41 pancreatic ribonucieases and bovine seminal plasma ribonuclease in the IUB one- 
letter code (z, Gfx; b, Asx). UnIy the differences with the bovine pancreatic- sequence are shown. Residues are numbered 
by homology with the bovine enzyme. (-1 Deletions, (xf unidentifi~ residues. Many residues in peptides from the 
ribonucleases of bovidae and pronghorn have been positioned by homology with the ox enzyme; a similar procedure 
has been used with the ribonucleases of deer species (with reference to red deer) and bactrian camel (with reference to 
dromedary). Heterogeneities; residues in other components: roe deer, 64: A; dromedary, 103: Q; hippopotamus, 37: 
K; horse, 23: S; porcupine, 98: 0; guinea-pig B, 64: P; chinchilla, 32: D. References: man [I I], capybara andcuis 1121, 
correction rat [ 13,141, correction bovine seminal plasma 1151, correction horse, dromedary and bactrian came1 1161. 
other references may be found in [3,H_I,f7]; T at position 128 has been found in human ribonuclease from urine, but 
not in the ribonuclease from pancreas ~nnpubIish~). 
the rodents (unpublished~* Thus, the presence of 
this hydrophobic residue in turtIe ribonuclease at a 
position where usually hydrophilic residues are 
found does not disturb the stability and activity of 
the enzyme. 
We conclude that the amino acid replacements 
observed in the S-peptide moiety of ribonucleases, 
including that from turtle, are in perfect agreement 
with other results. 
3.3. S-protein moiety; lobe with residues 21-48 
and 81-102 
This lobe of the S-protein contains 17 (or half) 
of the invariant residues in all investigated 
ribonucleases. These include residues in or near the 
active site (Lys 41, Asn 44, Thr 45, Phe 46), 2 S-S- 
bridges and neighbouring residues, residues in the 
hinge contact region between both lobes of the S- 
protein and the S-peptide (His 48, Tyr 29, and 
340 
other residues which probably are important for 
the structure (Thr 36, c&Pro 93, Tyr 97). 
Residues 24-34 form an B-helix in the structure 
of bovine ribonuclease. The method of Lim 
predicts an u-helix at the same position in the turtle 
enzyme while the method of Chou and Fasman 
fails to predict it in any of the ribonucleases [lo]. 
Half of the residues in the w-helix are invariant in 
all investigated ribonucleases, so the agreement in 
prediction is not surprising. Only the method of 
Chou and Fasman predicts an a-helix between 
residues 45 and 52 in turtle ribonuclease. In bovine 
ribonuclease this sequence forms part of a @- 
structure. As many invariant residues which are 
important for activity and structure occur in this 
sequence, the presence of this a-helix in turtle 
ribonuclease is very unlikely. Overprediction of a- 
helices with the method of Chou and Fasman has 
also been observed in the mammalian 
ribonucleases [lo] . 
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Fig-J. lain-chin conformation of bovine ribonuclease A. (. - w) S-peptide moiety; (- ) S-protein moiety, lobe with 
residues 21-48 and 81-102; (--- ) S-protein moiety, lobe with residues 49-80 and 103-124; (--_) disulfide bonds. 
Other symbols as in fig.la. 
3.4. S-protein moiety; fobe with residues 49-80 
and 103-124 
The other half of the S-protein moiety contains 
only 9 of the invariant residues in all investigated 
ribonucleases. The 2 shortened loops and the miss- 
ing disulfide bridge in turtle ribonuclease also oc- 
cur in this lobe. The active-site residues His 119 
and Asp 121 are 2 of the invariant residues. Others 
are Pro 117, Val 118, the disulfide bond between 
half-cystines 58 and 110, and Ala 109, which 
together form a hydrophobic cluster behind His 
119. The side chain of Ser 75 is hydrogen-bonded 
to main-chain atoms of residues at positions 77 
and 106 in bovine ribonuclease [S], which may ex- 
plain its presence in all investigated ribonucleases. 
The absence of a side chain is probably important 
in the invariant residue Gly 112, which occurs in 
one of the shortened loops in turtle ribonuclease. 
Residues 50-60 form an a-helix in bovine 
ribonuclease. Both the method of Chou and 
Fasman and that of Lim predict an a-helix at this 
position in placental mammalian ribonucleases 
[lo]. This part of the sequence shows rather few 
amino acid replacements in the placental mam- 
mals. It deviates more in kangaroo, but still has the 
potential to form an a-helix [20]. However, it is 
341 
Volume 194, number 2 FEBS LETTERS January 1986 
very different in turtle. Neither the method of 
Chou and Fasman nor that of Lim predicts an cy- 
helix between residues 50 and 60 in turtle 
ribonuclease (fig.lb). Together with the other ex- 
tensive changes in this lobe of the molecule, this 
suggests that the third a-helix, which is probably 
present in all mammalian ribonucleases, may be 
absent from turtle ribonuclease. 
A study of CD spectra pointed to 1.5-times as 
much a-helical structure in turtle ribonuclease 
[21]. Additional helical structure may be present in 
the sequence 50-80 of turtle ribonuclease, which 
differs greatly from the homologous sequences in 
mammalian ribonuclease. As already discussed 
neither method predicts an a-helix between 
residues 50 and 60 and only the method of Chou 
and Fasman predicts an a-helix between residues 
77 and 82. In addition, the prediction of regions of 
p-structure and P-bends is not very different from 
our previous study on placental mammalian 
ribonucleases [lo]. More studies are necessary to 
clarify this discrepancy. 
Summarizing, we may expect that the S-peptide 
moiety and the lobe of the S-protein moiety with 2 
disulfide bonds have similar secondary and tertiary 
structure in all investigated ribonucleases, in- 
cluding that from turtle. However, in the other 
lobe only the direct surroundings of the active-site 
His 119 probably have been conserved, but other 
parts may have different conformations in the 
ribonucleases of mammals and of turtle. 
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